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concentration of said second predetermined substance in said 
dialysis fluid. 

25. The apparatus of claim 23 wherein said second 
predetermined substance comprises a substance selected from the 
group consisting of sodium ions, a conductivity altering 
substance and urea. 

26. The apparatus of claim 25 wherein said second 
predetermined s ubstance comprises urea. 

REMARKS 

The above-noted cancellation of claims 1-12, and 
substitution of new claims 13-26, as well as the substitution of 
a revised Abstract and Specification, are respectfully submitted 
prior to initiation of the prosecution of this application in the 
U.S. Patent and Trademark Office. 

The above -noted amendments to the claims are 
respectfully submitted in order to more clearly and appropriately 
claim the subject matter which applicant considers to constitute 
his inventive contribution. No new matter is included in these 
amendments. In addition, a revised Abstract and Specification 
are submitted in order to clarify and correct the Specification 
and to conform it to all of the requirements of U.S. practice. No 
new matter is included in these amendments, and a copy of the 
marked-up Specification is respectfully submitted herewith in 
order to confirm same. 

In view of the abovfe, it is respectfully requested that 
these amendments now be entered, and that prosecution on the 
merits of this application now be initiated. If, however, for 
any reason the Examiner does not believe such action can be 
taken, it is respectfully requested that he telephone applicants 
attorney at (908) 654-5000 in order to overcome any objections 
which he may have . 
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If there are any additional charges in connection with 



this requested amendment, the Examiner is authorized to charge 
applicant's Deposit Account No. 12-1095 therefor. 
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Westfield, NJ 07090-1497 
Telephone: (908) 654-5000 
Facsimile: (908) 654-7866 
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Respectfully submitted, 



LERNER, DAVID, LITTENBERG, 
KRUMHOLZ 6c MENTLIK, LLP 
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TITLE: METHOD AND DEVICE FOR CALCULATING DIALYSIS EFFICIENCY 



/aREA^OF THE INVENTION 

The present invention relates to a method andjfievic^ for 
calculating dialysis efficiency. More specifically, the/ 



10 



invention relates to a non-invasive method and JgevLcf for 
obtaining an initial concentration of urea and/or other solutes 

15 present in blood for further calculation of dialysis parameters. 

The present invention is intended to be used during 
dialysis treatment, such as hemodialysis, hemodiaf iltration or 
hemof iltration . It can also, be used for peritoneal dialysis 
treatments. However, the J invent ion is not limited to the above- 

20 mentioned treatment modes, but can also be used for other 
medical or non-medical purposes. 

£rior art) ^ 

A method and J&evice? for calculating dialysis efficiency 
25 is disclosed in Swedish Patent Application, No. 9702074-7 t filed/ 
1997-06-02, / Applicant] Gambro AB. In (saicV^Patent Application, a 
whole body relative efficiency is calculated. The calculation 
uses a removed urea concentration curve obtained by a urea 
monitor during dialysis treatment. The urea monitor measures the 
30 concentration of urea in the effluent fluid from the dialyser, 
normally emitted to the drain. The result obtained by the urea 
monitor is a value of the removed mass of urea m rem as well as 
the removed 0 urea concentration curve, from which can be 
calculated ^total accumulated urea mass mo in the body, whole 
35 body dialysis dose Kt/V, solute removal index SRI, etc,. ~ . 

(it is,J According to (saidyPaTefff: Application, j^equired£(to 
obtain a value of the initial concentration of urea in blood in 
order to be able to fully characterise the dialysis treatment. 



CONFIRMATION 
COPY 
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Another approach, also described/, is to obtain a value of the 
total body water volume V of the patient, whereupon the urea 
concentration in the blood of the patient may be calculated. 

A number of different approaches . tg obtain £aid?/initial 
concentration of urea are given in ^aid^Patent Application, jfpTke/ 
blood sampl^f or equilibrated dialysis solution before the start 
of the treatment. These methods are more or less problematic and 
there is a desire to eliminate manual intervention. Moreover, 
blood samples need to be taken before fihq initiation of/dialysis 
treatment. As soon as the treatment starts, the initial blood 
concentration of urea is diluted due to cardio-pulmonary 
recirculation and access recirculation. Thus, care must be 
exercised to obtain the initial urea concentration before it is 
compromised . 

^SUMMARY OF INVENTION^ 
The object of the present invention is to provide a 



method and/]a device] for obtaining the initial urea concentration 
in blood before the dialysis treatment, to be used in the 
invention according to Swedish Patent Application No. 9702074-7 
for calculating j[ essential dialysis related parameters of a 

^ — ^Specifically, it is possible to use the total body urea 

mass m 0 , obtained according to ^aid7 Swedish Patent Application 
No. 9702074-7, and the initial urea concentration c 0 in blood 
obtained according to the present invention for calculating the 
distribution volume V of urea in the body. This parameter V is 
expected to be constant f^cm the end of one treatment to the end 
of the next j and could Jbe used as an alternative to dry body 
weight as a parameter for determining the required 
ultrafiltration during a dialysis treatment. Moreover, the 
distribution volume V may be a long term marker for the general 
status of the patient. 

A method of determining the dial y sanc |r^£^ a ^^^^ er 
used during dialysis treatment is disclosed inpfey 658j 352 y filed 
by Hospal AG. According to this method, a disturbance is, 
generated in the fresh dialysis solution before the dialyser>and 
the resultant effect in the dialysate after the dialyser is 
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measured. Normally, the disturbance is imduced in the 4 
conductivity of the dialysis solution. [Thq^method {gives/ / the 
effective ionic dialysance for the dialyser and the effective 
plasma conductivity. 

In clinical studies this ionic v dialysance for a 
dialyser measured according to [£Er/lTbd j Jbz FTas been shown to 
agree well with the effective plasma water clearance of that 
dialyser for urea (K e ) , i.e. plasma water clearance corrected 
for recirculation, pulmonary recirculation as well as access 
recirculation . 

The definition of clearance implies that the urea mass 
removal rate equals the product of the effective plasma water 
clearance (K e ) and plasma water concentration (c pw ) of urea in 
the systemic blood returning from the body. The difference 
between dialyser clearance and effective dialyser clearance is 
that for dialyser clearance the denominator should be plasma 
water concentration in the blood entering the dialyser while 
for effective dialyser clearance the denominator should be 
plasma water concentration in the systemic blood returning from 
the body. Due to recirculation this concentration in the blood 
entering the dialyser differs from the concentration in the 
systemic blood returning from the body. 

The urea mass removal rate is measured by the urea 
monitor as the product of dialysate flow rate (Q d ) and the urea 
concentration in the spent dialysate (c d ) . We can therefore 
equate the two expressions for urea mass removal rate from 
plasma water and into the spent dialysate 



K e x c pw = Q d x c d 

In this equation, K e may be obtained by the method ofJlEtf 658^352 
or a similar method, while Q d and c d are obtained by the urea 
monitor. Thus, c pw can be calculated. 

There is, however, an additional effect that has to be 
taken into account. Due to internal resistance in the body to 
urea transport, a urea gradient starts to develop within the 
body from the start of a dialysis treatment. This means that 
the urea concentrations in . different parts of the body are 
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gradually differing more and more, and the urea concentration 
in the blood returning from the body, which is used in the 
calculations above, is no longer representative of the mean 
urea concentration in the body. It is therefore only before or 
initiation of a treatment, while urea is equally 
distributed in the body, that the calculation above can be used 
to find the mean urea concentration in the body. 

The urea monitor is programmed to find the starting 
value for dialysate urea c d0 by interpolating backwards along 
the concentration curve using measurements from 20 to 5 minutes 
after the treatment start time, which is defined as the time 
when the measured dialysate urea concentration c d is steadily 
above a predetermined low concentration value. Due to time 
constants in the monitor this starting value will not catch the 
initial decrease in urea due to the development of 
recirculation, so this initial dialysate urea concentration c d0 
will be representative of conditions with recirculation already 
developed. Using this starting value of c d in the formula 
above, together with a measurement of effective clearance (£ e ) 
performed^ fby) for example; Jtffe method described in/EP)' 658^ 352, 
will prodlTce the initial plasma water concentration c pw o of urea 
in the blood returning from the body. At the start, before any 
gradients have developed in the body, this will also be the 
mean plasma water concentration in the body. The measurement of 
effective clearance K e should preferably be performed as soon 
as possible after the initial 20 minutes (for the interpolation 
of initial dialysate urea) to avoid unintentional changes in 
clearance, and all factors affecting clearance such as blood 
and dialysate flows should be kept constant during this period. 

BRIEF DESCRIPTION OF THE DRAWINGS * 

Fig. 1 is a schematic view of a dialysis machine y 
intended for hemodialysis including a urea monitor ) and »&her§/ the 
'jmvention can be used. 

Fig. 2 is a schematic view similar to Fig. 1, but 
with the urea monitor integrated in the dialysis machine. 

Fig. 3 is a schematic view similar to Fig. 1 of a 
dialysis machine adapted for predilution hemof iltration . 
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Fig. 4 is a schematic view similar to Fig. 2 of a 
dialysis machine adapted for £ostdilutio£hemof iltration 

Fig. 5 is a /^aagram "*~over7~ concentration values 
5 obtained from the urea monitor in the dialysis machine according 
to anyone of Figs. 1-4. 

/"Fig. 1 is a schematic diagram of a dialysis machine in 

10 which the invention according to Swedish Patent Application No. 

9702074-7 and the present invention can be practised. The 
dialysis machine provides means for replacing the renal function 
of a mammal if the renal function is impaired or completely 
absent, such as end stage renal disease of a human being. 

15 The blood from a patient is taken out into an 

extracorporeal circuit 2 including a filter or dialyser 1, 
including a semipermeable membrane 3. The blood passes along one 
side of the membrane. At the other side of the membrane, a 
dialysis fluid is circulated by the dialysis machine 4. 

20 The dialysis fluid is usually prepared by the machine 

from one or several concentrates and water to form a dialysis 
fluid having the desired properties. Thus, the machine disclosed 
in Fig. 1 comprises a water inlet 5, two concentrate inlets 6 
and 7, and two concentrate metering pumps 8 and 9. A first main 

25 pump 10 propels the fresh dialysis fluid to the dialysis side of 
the dialyser into contact with the membrane. 

A second main pump 11 passes the effluent fluid, 
dialysate, from the dialyser, namely the inlet dialysis fluid 
and any ultraf iltrate removed from the blood via the filter, 

30 further on to an outlet 12 and to the drain. 

A by-pass line 13 is arranged between the first pump 10 
and the second pump 11. Several valves ; 14 , 15 ^1 6 } are arranged for 
controlling the flow of dialysis fluid. The valves and the pumps 
are controlled by a computer 17 as schematically shown by 

35 several lines in Fig. 1. Of course, the dialysis machine is 
provided with several other means as is conventional. These 
other means are not disclosed, since they are conventional. 
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The first main pump 10 is drivenj &ith) a speed J§>q that 
the dialysis fluid delivered to the dialyser is substantially 
constant, e.g. £500 ml/min. The second main pump 11 is driven 
with a slightly higher speed so that the efflugr^t fluid, called 
the dialysate, has a flow rate of e.g.)" 515 ml/min. This 
operation generates a. low pressure at the dialys at^ side of the 
dialyser, which is suitable for removing /l5 ml/min of 
ultraf iltrate fluid from the blood, i.e. plasma water. During a 
treatment of 4 hours, such ultrafiltration,] results in a fluid 



removal from the patient ofjB/U litres. Of course, the dialysis 
machine is operated so that the treatment prescribed to the 
patient is fulfilled. 

In the effluent line from the dialysis machine is placed 
a urea monitor 18, which measures the urea concentration c d in 
the effluent dialysate. The monitor can be positioned inside the 
dialysis machine or completely outside the di a^^is^a^cl^^e^ Jgie 
urea monitor may be of the type disclosed in/wo 96/04413^ 

The urea monitor is shown connected to the computer 17 
of the dialysis machine. However, the monitor may have a 
computer of its own. 

The urea monitor or the dialysis machine also includes 
means for measuring the flow rate of the effluent dialysate, Qd. 
The computer 17 is arranged to provide concentration values c d 
as well as values of the total mass of urea U removed during the 
treatment as the integral of Q d • c d . The concentration values 
are taken continuously so that a concentration curve c d is 
obtained from the urea monitor as well as a mass curve U. 

Fig. 2 (discloses J/a similar dialysis machine a sj shown in 
Fig. 1. The main difference is that the urea monitor 19 is 
placed between the dialyser 1 and the second main pump 11 and 
before the outlet of the bypass line. rt&£-dL 

Fig. 3 discloses a similar dialysis machine as; Fig. 1, 
but adapted for hemof iltration or hemodiaf iltration . The only 
difference is that there is included an infusion line 20 
including an infusion pump 21. The infusion line 20 starts from 
the outlet of the first main pump 10 and ends at the blood inlet 
side of the dialyser, for providing an infusion fluid to the 
blood before the dialyser, called predilution. The urea monitor 
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22 is arranged in the effluent dialysate line after the second 

pump 11. ~ t jkfL ■ 

Fig. 4 discloses a similar dialysis machine as) Fig. 2, 
but adapted for hemof iltration or hemodiaf iltration and 
providing an infusion fluid to the blood after the dialyser, 
called postdilution. The urea monitor 23 is placed before the 
second main pump 11 and before the outlet of the bypass line. 

Finally, Fig. 5 discloses a typical urea concentration 
curve Cd obtained from the urea monitor. As appears from the 
figure, the curve is very irregular and includes several dips. 
These dips reflect when the dialysis machine is connected for 
sel^alibration, in which valve 16 is opened and valves 14 and 
15 are closed. 

For /Eh^ operation of the invent ionacco^^ng to Swedish 



Patent Application No .^91^01 4-7 , J /please refer^ to that 



application, which isj ^LncludecP herein by reference[. The result 
is that the urea monitor provides a removed urea concentration 
curve c d as disclosed ij^Jig. 5. The init ial values, for example 
values obtained f romj" 5 minutes to J~20 minutes, are used for 
extrapolating an initial urea concentration c d o at the start of 
the dialysis treatment. 

The start of the dialysis treatment is defined as the 
time when the urea concentration is steadily above a 
predetermined low concentration value. The actual determination 
of concentration values is initiated five minutes after 
determining such a steady condition in order to be sure that the 
treatment is going on and will not be discontinued. 

In order to obtain a measurement of the effective 
dialyses of the dialyser, a disturbance is induced in the fresh 
dialysate by operating the pumps ) 8 and 9 > controlled by the 
computer 17. The disturbance is generated when the dialysis 
treatment is in a steady state and may be a change in the ionic 
content of the dialysis fluid. Such a disturbance may be 
generated by operating both pumps^ and 9^and increa^©) the speed 
of these pumps by^for example^ 10% during j 6u seconds . 

The resultant disturbance is measured after the 
dialyser, fo^ example by a conductivity meter, and the 
measurementyresuly is processed ^f or example ) (as)^ described in 
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^EP) 1% 58^*3 52^"^tc^ obtain the effective dialysance K e . Tire 
measurement is performed as soon as possible and preferably 
after the initial 20 minutes and without changing any of the 
parameters influencing Fpn) the dialysance of the dialyser, TlLike7 



5 blood flow rate and dialysate flow rate . C 658 j 352 is 

incorporated^/in the present application^ by ref erencef. 

If the disturbance is a step change in the conductivity, 
produced by pumpsj 8^9 j the^ialysanc e ^>f^l^^^ia l^ser can be 

determine d a ^°^^£^g i ^2i^ ^ UatiQn * s ee Jte'^T^* 7jTo2 5 , the co £^£ ts 
10 of which/jis incTud^din the present application} by reference}): 

D e = Qd [1 ~ (Cdout2 _ Cdoutl) / (C d in2-Cdinl) ] 

where 

D e = effective dialysance of the dialyser 
15 Qd = effluent dialysate flow 

Cdouti and Cdout2 = concentration in the effluent dialysate 

Cdini and c d in2 - concentration in the introduced dialysis fluid 

The concentrations may be sodium concentrations or 

conductivity of the dialysate. 
20 Indexes 1 and 2 indicate times before and after the step 

chanae. The introduced concentration can be measured before the 

dialyser or^be determined by the set values of the concentration 

pumps . 

The value of the effective dialysance is used for 
25 determining the initial urea concentration injBTood at the start 
of the treatment j according to the formula: 

CpwO = Qd X CdO / K e 

30 The plasma urea concentration can then be corrected for protein 
content in the blood. This correction is fairly constant for 
the normal range of protein concentrations, which allows the 
use of the same correction factor for all patients, although 
the best accuracy is achieved if the true protein content is 

35 used. 

It is noted that the urea monitor includes a 
conductivity meter, which may be used for measuring the 
conductivity after the dialyser, re need not be any 
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separate conductivity meter after the dialyser for the 
measurement according to the present invention. 

Instead of measuring the . conductivity before the 
dialyser, the set values of the disturbance can be used. 

The disturbance may be induced in different manners. 

One approach is to use a small dose of urea, which is 
introduced in the fresh dialysis fluid just before the entrance 
into the dialyser as disclosed in Fig. 2. A pump 2 4 is connected 
to the inlet of the dialyser downstream of valve 14. The pump is 
also connected to a small bag 25 containing a predetermined 
quantity of urea dissolved in water or dialysis fluid (or an 
isotonic solution) and having a predetermined concentration. 



known amount of urea in the dialysis circuit is measured by the 
urea monitor downstream of the dialyser > and the result is 
evaluated by the computer 17. By integrating the measured urea 
concentration due to the disturbance, the mass of urea reaching 
the urea monitor can be calculated by multiplication with the 
flow rate Q d . The difference from the amount introduced, which 
is known, must have passed through the membrane of the dialyser 
into the blood of the patient. Thus, the effective dialysance D e 
or the effective clearance for urea of the dialyser can be 



D e = Qd X (1 - Sout/Sin) 

where : 

D G = effective dialysance of the dialyser 

Qd = dialysate flow emitted from the dialyser 

Sout = integral of (cd(t) - cdO) during the disturbance in 

the flow emitted from the dialyser 
Sin = integral of (cd(t) - cdO) during the disturbance in 

the flow entered into the dialyser 

The best accuracy is obtained if the dialysate flow Q d is 
constant, i.e. that the flow rate is compensated for the fluid 
added to the inlet of the dialyser as indicated more in detail£7 
below. 



The disturbance induced by this introduction of 




calculated, 
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Of course, the bag 25 may include sodium ions instead erf 
urea and the conductivity meter of the urea monitor may be used 
for measuring the increased conductivity due to the introduction 
of extra sodium ions. It is known that the clearance for sodium 
ions is approximately equal to the clearance of urea. Other 
types of ions or substances can also be used as well as 
decreases instead of increases of the concentration or 
conductivity of the fresh dialysis solution. 

If pure water is added, i.e. water without any ions or 
other substances, the integral given above will be negative, and 
the surface will have a relationship with the amount of added 
water . 

It is noted that the integral S in times the dialysis 
fluid flow equals the amount of material added to the solution. 
Thus, if urea is added, S in need not be measured but can be 
calculated from the known amount of urea and the dialysis fluid 
flow. ^Possibly, ahcorrection for dilutionl {ls[/ required. 

The same applies if sodium is used, whereby S in x Q din 
equals the addition of material in excess of the normal amount, 
whichjf normally Jig known in advance. 

It is also apparent that the material can be added in 
any way that enables the measurement at the outlet side of the 
dialyser, i.e. the disturbance need not be rectangular, but can 
have any shape. Thus, the introduction flow rate of the material 
in the dialysate flow is of no importance as soon as it is of 
such a flow rate that the resultant disturbance is not too small 
to be measured and not to large to be outside the measuring 
capability of the measurement instrument at the outlet side of 
the dialyser. Of course, the disturbance must also be compatible 
with the body. 

The added material can be dissolved in water, whereby 
the dilution effect should be considered when introducing the 
material in the circuit. Another approach would be to dissolve 
the material in normal dialysis fluid, for example J dissolve a 
known amount of urea in a known amount of dialysis fluid. This 
dissolution can be performed in advance, so that the material is 
delivered in bag 25 to be connected to the dialysis circuit*. 
Alternatively, the material can be delivered in powder form, for 
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example a known amount of urea in powder form in a bag 25. The 
bag is connected to the dialysis machine, and the pump 24 is 
operated to introduce a known amount of dialysis fluid in the 
bag to dissolve the amount of material. After dissolution, the 
pump 24 is reversed and the material in the bag is introduced 
into the circuit. 

The main pump 16 can be operated so that the total 
amount of fluid entering the dialyser is constant, i.e. the flow 
rate of pump 16 and pump 24 is constant. For example, if pump 24 
is operated at a speed of 50 ml/min, pump 16 is reduced to 450 
ml/min during the introduction period and returned to 500 ml/min 
after (the] introduction of the substance. 

Alternatively, the disturbance may be introduced at the 
other side of the membrane as suggested in Fig. 2 by pump 26 and 
bag 27. In the same way as with pump 24 and bag 25, [an) 
introduction of urea of a known concentration and/or amount will 
result in an increase of the urea concentration in the dialysate 
reaching the urea monitor. This disturbance can be integrated 
and processed for obtaining the clearance of the dialyser. 

The added material can be fresh dialysis fluid obtained 
from the dialysis machine, but of a higher (or lower) ionic 
strength or osmolarity, whereby the conductivity is measured. 
Alternatively, fresh dialysis fluid can be added, which 
comprises no urea, and the resulting diluting effect on urea in 
blood can be determined on the dialysate side by the urea 
monitor . 

The added material, such as ureajcan be diluted in water 
or dialysis fluid as indicated above. Moreover, the material can 
be delivered in powder form in a bag 27 and dissolved in blood 
by reversing pump 26 and introducing blood in the bag for 
dissolution of the material and then operating the pump 26 in 
the normal direction for introducing the material in the 
circuit . 

The time of the measurement may be shortened by using the 
exponential behaviour^of the disturbance for calculating the 
result as stated injfepj 658^352 / 
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When using the integral method, the time may be shortened ~ 
in the same way by estimating the error when the measurement is 
terminated in advance. 

^Hereinabove, the invention has been described in details 
by means of several embodiments of the invention. The different 
features in the different embodiments can be combined in further 
different ways, which combinations are intended to be within the 
scope of the present invention. The invention is only limited by 
the appended patent claims^J 
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INSERT A 

Tn accordance with the present invention, these 
and othftr objects are now accomplished by the — invention 
of a method of calculating the concentration of — a 

predetermined substance in the blood Of a mamma l 

5 comprising passing the blood through one side of — _a 

semipermeable membrane in a dialyser and — passing — a 

dialysis fluid on the other side o f the semipermeable 
membrane in the dialyser to provide a — dialysate , 

measuring the conce ntration of the predetermined 

10 substance in the dialy sate. introducing a disturbance in 
the dialyser. calc ulating the effective dialysance of the 

dialyser based on the disturbance. and calculating — the 

concentration of the pred etermined substance in the blood 

based upon the effective dialysance . In a — preferred 

15 embodiment, the method includes determining the flow rate 

of the dialysate, and the calculating of the 

concentration of the pre determined substance in the blood 
comprises multiplying the measured concentration of — the. 
predetermin ed substance in the dialysate bv the flow rate 

2 0 of the dialysate to provide a product and dividing the 

product by the effective dialysance. In accordance with 

a preferred embodiment, the measuring Of the. 

concentration of the pre determined substance in the. 

dialysate is utilized to Obtain a curve of the. 

25 concentration over time, and the method includes 

calculating the initial mass of the predetermined 

substance in the blood f calculating the initial 

concentration of the predetermined substance in the 

blood, and calculating the distribution volume of — the 

3 0 predetermined substance in the body by dividing — the 

initial mass iby the initial concentration Qj£ the 

predeterm ined sAbstance in the blood. 

Tn accordance with one embodiment of the method 

of the present invention, the introducing of the 

3 5 d-i sturbance in the dialyser comprises — changing — the 

concentration of a second p redetermined substance — in the 
dialysis fluid, and the method includes measuring the 

-1- 




INSERT A 

change -in the concentration of thp second predetermined 

substance in the dialysate. 

Tn accordance with another embodiment — of — the. 

method of the present invention , the method includes 

5 determining the flow rate of the dialysate, and the. 

introducing of the disturbance in the dialvser compr ises 
adding a predetermine d amount of a second predetermined 

substance into the dialysis fluid, measuring the. 

concentration of the pre determined substance in the. 

10 dialysate r determining the amount of the second 

predetermined s ubstance in the dialysate by multiplying 

the concentration of the sec ond predetermined substance 

in the dialysate with the flow rate of the dialvsate to 
obtain a p roduct and integrating the product over time, 

15 and the calculating of the effective dialysance comprises 

multiplying the flow rate of the dialysate WjLth a 

fraction comprising 1 minus the amount of the — second 

predetermined substance in the dialysate over the amount 
of the second predetermin ed substance in the dialysis 

20 fluid. 

In accordance with a nother embodiment of the. 

method of the present invention. the second predetermined 

substance comprises s odium ions. a conductivity altering 

substance, or urea. in a preferred embodiment , — the. 

2 5 second predetermined substance comprises urea. 

Tn accordance wjjth the present invention, 

apparatus has also been provided fox calculating — the 

concentration of a p redetermined substance — in the blood 

of a mammal comprising a dialyser including a 

3 0 semipermeable membrane, means for passing the blood over 

one side of the semip ermeable membrane in the dialyser, 

means for passing a dialysis fluid over the other sid e of 
the semipermeable membrane in the dialyser to produce a 

dialysate, concentration measuring means for measuring 

35 the concentration of the predetermined substance in the 

dialysate, disturbance means fo r introducing a 

disturbance in the dialyser, calculating means tOX. 
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calculating the effective riialysanne of the dialyser 

based on the disturbance, and concentration calculating 

means for c alculating the concentration of the 

predetermined substance in the blood based Oil the 

5 effective diai ysance . m a preferred embodiment , — tJie 

apparatus include s flow rate means for obtaining the flow 

rate of the dialysa te r the concentration calculating 

means comprising means for multiply ing the concentration 
of the predeter mined substance in the diaiysate by the 

10 flow rate of the diaiysate to provide a product, and 

dividing the product by the effective dialvsance of the 
dialyser. Preferably, the con centration measuring means 
comprises means for measuring the concentration — Of — tJie 

predetermined substance in the diaiysate — to — obtain — a 

15 concentration curve, and the apparatus includes mass 

calculating means for calculating the initial mass of the 

predetermined substance in the mammal , initial 

concentration calculating means for measuring the initial 
concentration of th e predetermined substance in the 

2 0 mammal, and distribution volume calculating means — for 

measuring the initial distribution volume of the 

predetermined su bstance in the mammal, 

in accordance tfith one embodiment — of — the. 

apparatus of the present in vention. the disturbance means 

2 5 comprises means for changing the — concentration — of — at 

least a predetermined substance in — the — dialysis — fluid , 

and the apparatus includes measuring means for measu ring 

the change in the con centration of the second 

predetermined sub stance in the diaiysate , 

3 0 In accordance with a nother embodiment of — the 

apparatus of the present inve ntion. the apparatus 

includes flow rate me ans for measuring the — flow rate Of 
the diaiysate, and the disturbance means comprises means 

for introducing a predetermined amount of a second 

3 5 predetermined substance into the dialysis fluids the 

concentration measuring means comprises means for 

measuring the concentration of the second pre determined 




INSERT A 

fiiihshanne j n thft dialysate. and the apparatus includes an 

amount determining means for deter mining £h£ amount QlL 

the second predetermined substance in the dialysate — by 

multiplying the concentration of the second predetermined 
5 substance in the dialysate with the flow rate of the 

dialysate to provide a product and integrating — the. 

product over time, and the calculating means — comprises 

means for multiply ing the flow rate of the dialvsate bv a 

fraction comprising i minus the amount of tJie — second 

10 predetermined substan ce in the dialysate QXGX. the. 

concentration of the second predetermined substance — in 

the dialysis fluid. 

in accordance with a preferred embodiment — of. 

the apparatus of the present invention. the second 

15 predetermined substance comprises sodium ions, a 

conductivity altering substance. and/or urea , 

Preferably, the second predetermined substance comprises 

urea. 
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INSERT B 

The present invention may be more fully 

understood with reference to the following detailed 

description, which, in turn, refers to the drawings in 

which; 




INSERT C 

Although the invention herein has been described 

with reference to particular embodiments. it is tQ he. 

understood that these emb odiments are merely illustrative 

of the principles and applications of the present 

5 invention. It is ther efore to be understood that numerous 
modifications may be made to the illustrative embodiments 

and that other arr angements may he devised without 

departing from the spirit and scope of the present 
invention as defined by the appended claims. 



